Offspring hypertensives are characterized by a hyperactive sympathetic nervous system and other early cardiovascular abnormalities that increase the risk of developing hypertension. A physically active lifestyle is associated with a lower risk of hypertension, although the mechanisms are incompletely understood and likely to be multifactorial. One aspect that has received little attention is the interaction of exercise with familial hypertension risk. The present review examines the effects of exercise on haemodynamic function in relation to the familial hypertension risk model. Paradoxically, exercise may be viewed as potent stressor to the cardiovascular system, although recent studies are beginning to show that cardiovascular adaptations, primarily mediated by changes in sympatho-vagal balance, following both acute and chronic exercise may be particularly important for individuals with familial risk of hypertension. Future studies that focus on inflammatory, metabolic, and genetic pathways may uncover further beneficial effects of exercise in relation to familial risk.
Introduction
The normotensive offspring of hypertensive families (FH þ ) are characterized by an increased risk of developing systemic hypertension. 1 A number of early pathophysiologic abnormalities that precede the onset of hypertension have been observed in FH þ , including cardiac anatomical -functional alterations, 2-4 vascular dysfunction, 5, 6 altered renal haemodynamics, 7 a higher density of platelet a 2 -adrenoceptors, 8 altered haemostasis, 9 and metabolic disturbances. [10] [11] [12] [13] [14] For example, one of the earliest detectable cardiac abnormalities appears to be altered left ventricular function that may precede left ventricular hypertrophy. Endothelial dependent flow-mediated vasodilatation is impaired 6 and arterial stiffness is augmented 5 in FH þ , which may play a role in reducing baroceptor responsiveness to changes in pressure. Furthermore, FH þ are characterized by a hyperactive sympathetic nervous system that manifests during physical and mental stressors (see Figure 1) . Indeed, men with the combination of high stress responsivity and FH þ demonstrated higher blood pressure at a 10 year follow-up and a seven-fold increase in relative risk of change in blood pressure status compared to men without family history of hypertension (FHÀ) and low stress responsivity. 15 Regular exercise is associated with a lower incidence of hypertension, 16 although paradoxically, exercise may be viewed as potent stressor to the cardiovascular system. In FH þ the exercise pressor response appears to be exaggerated, 17, 18 which is an independent predictor of future hypertension risk. 19 However, relatively little attention has been given to the importance of haemodynamic adaptations following both acute and chronic exercise in FH þ . Exercise-induced haemodynamic adaptations may play a potentially important role in the familial hypertension risk model, thus the purpose of the present review is to examine the effects of exercise on haemodynamic function in FH þ . The MEDLINE database was used to search for relevant Englishlanguage articles. Acute exercise is defined as a single bout of exercise that elicits a number of transient physiological responses whereas chronic exercise refers to accumulated bouts of exercise that may result in permanent or chronic adaptations, known as the exercise training response.
Effects of chronic exercise
Numerous studies have employed mental stressors to elicit sympathetic activation when examining differences in physiological function between FH þ and FHÀ. In general, studies support the notion that FH þ demonstrate heightened cardiovascular activation to stressors, which is mediated by the sympathetic nervous system. 20 A number of studies have used cross-sectional designs, with aerobically trained and untrained FH þ and FHÀ, to examine if physical fitness modifies the disturbances in psychophysiological function that is associated with FH þ (see Table 1 ). Holmes and Cappo 21 were the first researchers to demonstrate that trained FH þ men had lower heart rate and blood pressure reactivity to mental challenge compared with untrained FH þ , using FHÀ as controls who displayed similar responses to the trained FH þ . Subsequently, an altered arterial baroreflex function during mental challenge in active compared with highly active female FH þ has been demonstrated, 22 although no differences in other haemodynamic responses were observed. Also, Jackson and Dishman 23 showed that cardio-respiratory fitness did not influence cardiovascular or underlying haemodynamic responses to stress among young black FH þ women, which is in contrast to other findings where peripheral vasodilatation responses to stress were heightened in sedentary male FH þ compared with highly active FH þ . 24 There are very few training studies in this research area (see Table 1 ), although Buckworth et al. 25 demonstrated that cardiovascular reactivity to and recovery from forehead cold exposure and mental arithmetic was not altered after 6-8 weeks of exercise detraining in female FH þ , despite increases in resting blood pressure. In another study, a 10 weeks swimming training intervention appeared to counteract heightened release of endothelin-1 during a hand-grip stressor in FH þ , which is a potent vasoconstrictor contributing to enhanced pressor responses. 26 Georgiades et al. 27 did not see any changes in stress-related blood pressure responses after a 6 month exercise intervention in hypertensive patients, despite observing reductions in absolute blood pressure. Furthermore, in an animal model, rats with spontaneously hypertensive parents who underwent daily exercise training for 10 months demonstrated reductions in resting blood pressure although enhanced stress reactivity following training in comparison with trained FHÀ rats and sedentary controls. 28 Taken together, the effects of exercise on blood pressure and peripheral blood flow responses to stressors in FH þ appear to be inconsistent, although effects on basal blood pressure appear to be more important among studies that have used exercise training interventions. Some of these discrepancies may be explained partly by differences in gender and ethnicity of subjects, variations in the type of stressors used, and varying levels of cardiorespiratory fitness between groups in the various studies (see Table 1 ). However, although these studies are generally suggestive of exercise-induced reductions in sympathetic activation it is difficult to interpret the results from cross-sectional designs that have also not employed invasive measures of central and peripheral sympathetic outflow. Nevertheless, there is substantial evidence from studies in hypertensive patients that shows significant reductions in plasma norepinephrine after endurance training, 29 which, given the similarities in genetic make-up, provides supportive evidence for exercise studies in FH þ . Indeed, data from the Heritage family study has suggested familial aggregation of heart rate and blood pressure responses to exercise training. 30, 31 Also, interactions have been observed between exercise responses and various candidate genes for blood pressure regulation, such as transforming growth factor b-1 32 and polymorphisms of angiotensinogen and angiotensin I-converting enzyme (ACE). 33, 34 For example, the ACE deletion allele is associated with greater reductions in diastolic blood pressure following 20 weeks of exercise training 33 and exercise-induced left ventricular hypertrophy in men. 34 Although undetermined, the mechanisms accounting for exercise-induced sympathetic changes have been associated with central and peripheral adaptations. One important central adaptation may be training-induced hypervolemia because elevated cardiac filling pressures tend to increase cardiopulmonary baroceptor afferent activity, thus trained individuals would be expected to display greater inhibitory influence of sympathetic outflow. 35 Given that opioidergic inhibition of sympathetic nervous system responses may be deficient in persons at risk for essential hypertension 36 and that aerobic fitness is associated with enhanced opioidergic inhibition of circulatory stress reactivity, 37 this may be another important mechanism. Peripheral training adaptations have been linked with changes to adrenoceptor sensitivity although findings remain equivocal. [38] [39] [40] Parasympathetic control also appears to be an important training adaptation in relation to health. A recent cross-sectional study demonstrated higher Figure 1 The effects of physical and mental stressors on cardiovascular and sympathetic activation. These responses are generally exaggerated in offspring hypertensives compared with offspring normotensive. MSNA denotes muscle sympathetic nervous activity measured in the peroneal nerve.
Exercise and familial hypertension M Hamer FBF responses blunted in FH+ following acute bout of exercise, no other interaction between family history and exercise was observed.
Abbreviations: FH+, offspring hypertensive; FHÀ, offspring normotensive; VO 2 max, maximal oxygen uptake (a measure of cardiorespiratory fitness); BP, blood pressure; HR, heart rate; SV, stroke volume; CO, cardiac output; CBF, calf blood flow; CVR, calf vascular resistance; FBF, forearm blood flow; NE, norepinephrine; ET-1, endothelin-1; MA, mental arithmetic; CP, cold pressor; MVC, maximal voluntary contraction; C/S, cross-sectional.
Exercise and familial hypertension M Hamer levels of cardiovagal outflow and baroreflex gain in aerobically trained FH þ compared with untrained FH þ , although the trained were not significantly different compared to untrained FHÀ subjects. 41 Although trained FH þ also demonstrated greater carotid artery elasticity, this was not associated with higher baroreflex sensitivity, suggesting that exercise training may affect neural components of the baroreflex arc. 41 However, arterial stiffness has been associated with hypertension development, 42 and thus exercise-induced improvements in vascular stiffness also confer advantages for lowering future risk. The greater sheer stress with exercise that enhances synthesis of nitric oxide from endothelial cells is a likely mechanism for improvements in vascular stiffness and endothelial function.
Thus, taken together there is evidence to show that in FH þ regular aerobic exercise is associated with improvements in sympatho-vagal balance and vascular function so that differences in these indices are no longer apparent when compared with FHÀ. However, because of the cross-sectional nature of the majority of studies it is not possible to infer direct causality. Given that there is a strong genetic component to cardio-respiratory fitness the ability to participate in aerobic training may be determined by natural cardiovascular adaptations, such as greater cardiovagal control, and this may also confer natural advantages in responding to various stressors. Indeed, Endre et al. 43 demonstrated that insulin resistance is coupled with low cardio-respiratory fitness in FH þ men.
Effects of acute exercise
The reduction in blood pressure following an acute bout of exercise is a well established phenomenon that is thought to contribute to the anti hypertensive effects of exercise, [44] [45] [46] although little research has examined the impact of family history status on postexercise haemodynamic responses. In a recent meta-analytic review, consistent reductions in stress related blood pressure responses were demonstrated following acute exercise. 47 In the only study to date that has examined the effects of acute exercise on cardiovascular responses to stress in relation to familial hypertension, an enhanced peripheral vasodilatation response to mental challenge was significantly blunted in FH þ men following moderate intensity exercise so that differences in the stress response were no longer observed in comparison to FHÀ men. 48 The skeletal muscle vasodilatation response to mental stress is thought to be mediated by both the withdrawal of sympathetic neural vasoconstrictor influences and vasodilatation by b-adrenergic pathways involving epinephrine. 49 Therefore, it is likely that the mechanisms for an attenuated postexercise vasodilatation response to stress in FH þ are linked to the sympathetic nervous system. Indeed previous studies in normal subjects have consistently demonstrated reductions in catecholamine reactivity to stress tasks (the difference in catecholamine concentration following stress compared with baseline) following an acute bout of exercise. Peronnet et al. 50 demonstrated a 56% reduction in plasma epinephrine reactivity to mental challenge following a 2-h bout of moderate intensity exercise. Also, Brownley et al. 51 demonstrated 91 and 61% reductions in epinephrine and norepinephrine reactivity, respectively, to a speech task stressor after a 25-min bout of moderate intensity exercise.
Clinical implications
A shift in sympatho-vagal balance with exercise may have a number of important implications for the familial hypertension risk model. Epinephrine, which mediates b-adrenoceptor vasodilatation, is likely to play an important role in a vascular remodelling process because of its vascular growth properties. 52 Thus, a reduction in sympathetic activation with instead an increase in sympathetic withdrawal would limit vascular remodelling processes. A link between a vascular remodelling process and low levels of physical activity has also been described where over perfusion of inactive muscle, with a low requirement for oxygen, would produce a chain of events resulting in the production of angiotensin II, which potentially plays an important role in the pathogenesis of hypertension. 53 A shift in sympatho-vagal balance is also likely to favorably impact upon renal haemodynamics, which is impaired in FH þ . Indeed, in hypertensive patients the reductions in renin activity following endurance training appears to be a key mechanism. 29 Given that impaired baroreflex regulation is associated with essential hypertension, the link between cardiovagal outflow and improved baroreflex gain with exercise may also be of critical importance. Furthermore, cardiovagal outflow is likely to influence central haemodynamics, thus countering a hyperkinetic circulation, characterized by elevated heart rate and cardiac output, which is thought to represent an early phase in the development of hypertension. 54 
Future research directions
A number of studies have demonstrated various other biological abnormalities in relation to FH þ that may also be sensitive to exercise and play an important role. For example, catestatin, which is a peptide that inhibits catecholamine release as an antagonist at the neuronal nicotinic cholinergic receptor, is diminished in FH þ compared with FHÀ, 55 although there does not appear to be any work that has examined the effects of exercise on this peptide. Plasma concentrations of endogenous ouabain, which is associated with both higher blood pressure and altered cardiac morphology, is heightened in FH þ , 4 and this molecule is also sensitive to exercise and suppressed in response to b 1 -adrenergic receptor blockade and ACE inhibition. 56 FH þ have also demonstrated disturbances in various haemostatic variables, 9 which represent an additional cardiovascular risk factor, although the effects of exercise on haemostasis is a contentious issue because the analytical methods employed often have numerous methodological problems. 57 Given that inflammatory pathways are becoming increasingly important in relation to hypertension 58 this may also be an important underlying risk factor in FH þ , although as yet unproven. Recent evidence is beginning to suggest exercise promotes an antiinflammatory environment 59 that may explain why lower baseline concentrations of inflammatory markers, such as C-reactive protein and tumor necrosis factor-a, are found in individuals who are most physically active 60, 61 and why chronic exercise training interventions also result in reduced circulating concentrations of these markers. 62, 63 However, the anti-inflammatory effects of exercise have not been demonstrated in relation to the familial hypertension risk model. Also in relation to inflammation, FH þ demonstrate a greater propensity for increased central fat deposition and metabolic abnormalities, which appears to precede elevations in resting blood pressure. 64 Thus regular exercise may play an important role in maintaining a normal body composition and metabolic profile.
Conclusion
Offspring with a family history of hypertension are characterized by a number of early pathophysiologic abnormalities that may increase the risk of future hypertension. Accumulating evidence suggests regular aerobic exercise can lead to improvements in haemodynamic function that may feasibly influence some of the mechanisms associated with hypertension risk. Future exercise studies in FH þ should focus on mechanisms related to metabolic and antiinflammatory pathways employing well-controlled exercise training studies. Also, research relating to the effects of exercise on the expression or action of genes that directly influence blood pressure control is an essential aspect of this area for the future. Nevertheless, as such, exercise may be an effective lifestyle intervention to lower the risk of hypertension in individuals with positive family history.
